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,QGRQHVLD
7KLVVWXG\DLPVWRGHWHUPLQHSRWHQWLDOYHUQDFXODUSDVVLYHFRROLQJVWUDWHJLHVIRULPSURYLQJLQGRRUWKHUPDOFRPIRUW
RI PRGHUQ XUEDQ KRXVHV LQ 0DOD\VLD E\ OHDUQLQJ WKH WUDGLWLRQDO ZLVGRPV VHHQ LQ DQG DURXQG WKHLU YHUQDFXODU
EXLOGLQJV 7ZR ILQH H[DPSOHV RI 0DOD\VLDQ YHUQDFXODU DUFKLWHFWXUH LQFOXGH WKH WUDGLWLRQDO 0DOD\ KRXVH DQG WKH
WUDGLWLRQDO &KLQHVH VKRSKRXVH 7KH WUDGLWLRQDO 0DOD\ KRXVH LV NQRZQ DV D ZHOOYHQWLODWHG GHWDFKHG EXLOGLQJ RI
WLPEHUVWUXFWXUHXVXDOO\VHHQLQUXUDOYLOODJHVZKLOHWKHWUDGLWLRQDO&KLQHVHVKRSKRXVHLVDQDUURZGHHSSODQEULFN
EXLOGLQJVLWXDWHGLQURZVLQUHODWLYHO\GHQVHXUEDQDUHDV7KHSULPDU\REMHFWLYHVRIWKLVVWXG\DUHGXDOZKLFKLQFOXGH
 7RLQYHVWLJDWH LQGRRU WKHUPDOHQYLURQPHQWVRI WKHDERYHPHQWLRQHGYHUQDFXODUKRXVHV WUDGLWLRQDO0DOD\
KRXVHDQGWUDGLWLRQDO&KLQHVHVKRSKRXVHDQGWKHLUSDVVLYHFRROLQJWHFKQLTXHV
 7RGLVFXVVSRWHQWLDODSSOLFDWLRQRI WKHYHUQDFXODUSDVVLYHFRROLQJ WHFKQLTXHV WRPRGHUQXUEDQKRXVHVIRU
LPSURYLQJLQGRRUWKHUPDOFRPIRUWLQQDWXUDOO\YHQWLODWHGFRQGLWLRQ
7KHWDUJHWPRGHUQKRXVHVDUHEULFNWHUUDFHGKRXVHVZKLFKIRUPPDMRULW\RIWKHH[LVWLQJXUEDQKRXVLQJVWRFNLQ
0DOD\VLD WKH SHUFHQWDJH RI WHUUDFHG KRXVHV LQ  ZDV  '60  'XH WR \HDUURXQG XQLIRUPLW\ RI
FOLPDWLF FRQGLWLRQVRI ORZODQGFLWLHV LQ0DOD\VLD LW LV DVVXPHG WKDW WKHUHZDV OLWWOH VHDVRQDOYDULDWLRQDPRQJ WKH
GLIIHUHQWPHDVXUHPHQWPRQWKVDQGWKHUHVXOWVRQIDLUZHDWKHUGD\VDUHFRPSDUDEOH
)LHOGPHDVXUHPHQWLQWUDGLWLRQDO0DOD\KRXVHV
2.1. Case study houses and measurement methods 
7KH ILUVW ILHOG PHDVXUHPHQW ZDV FRQGXFWHG LQ WZR VHOHFWHG WUDGLWLRQDO 0DOD\ KRXVHV 0+  DQG 0+  LQ
3RQWLDQ0DOD\VLDFRQVHFXWLYHO\IURP0DUFKWR$SULO)LJXUH3RQWLDQLVORFDWHGDERXWNPWRWKHZHVWRI
WKHFLW\RI-RKRU%DKUXLQ3HQLQVXODU0DOD\VLD%RWKKRXVHVZHUHFRQVLGHUHGW\SLFDOWUDGLWLRQDO0DOD\KRXVHVDQG
VKDUHGWKHW\SLFDO0DOD\VLDQUXUDOYLOODJHVHWWLQJZLWKPDQ\WUHHVLQWKHLUVXUURXQGLQJV7KXVWKHDYHUDJHRXWGRRU
DLUWHPSHUDWXUHLVEDVLFDOO\DIHZGHJUHHVORZHUWKDQWKDWRIXUEDQDUHDV
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)LJ7KHFDVHVWXG\0DOD\KRXVHVD([WHULRUYLHZRI0+E([WHULRUYLHZRI0+F3ODQRI0+G3ODQRI0+
7KH\KDGWLPEHUVWUXFWXUHVHOHYDWHGPRUHWKDQPDERYHWKHJURXQGIRUWKHIURQWSDUWVRIWKHKRXVHVIURQWOLYLQJ
KDOODQGDOOEHGURRPV7KHUHDUSDUWVRIERWKKRXVHVZHUHRIEULFNDQGWLPEHUVWUXFWXUHVRQWKHJURXQGUHDUOLYLQJ
KDOO GLQLQJ NLWFKHQ DQG EDWKURRP )LJXUH FG 7KH URRILQJPDWHULDOZDV ]LQF WUDGLWLRQDO WKDWFK URRIZDV QRW
XVHG%RWK0+DQG0+ZHUHLQVWDOOHGZLWKFHLOLQJLQWKHIURQWOLYLQJKDOOVDQGPDVWHUEHGURRPV
0HDVXUHPHQWVRIDOOSK\VLFDOWKHUPDOFRPIRUWYDULDEOHVZHUHWDNHQDWPKHLJKWDERYHIORRULQWKHIURQWOLYLQJ
KDOOVRIWKHWZRKRXVHV)LJXUHFG7KHIORRUWRFHLOLQJKHLJKWVRIWKHKDOOVDUHPLQ0+DQGPLQ0+
$LU WHPSHUDWXUHZDVDOVRPHDVXUHG LQDOORWKHUURRPVDQGDWYDULRXVRXWGRRU ORFDWLRQVRIERWKKRXVHV$ZHDWKHU
VWDWLRQ+2%2815&DQG+2%23URY8ZDVSODFHGRQWKHJUDVVDUHDLQIURQWRIHDFKKRXVHWRUHFRUG
WKH DPELHQW ZHDWKHU FRQGLWLRQV GXULQJ UHVSHFWLYH PHDVXUHPHQW $ GHWDLOHG GHVFULSWLRQ RI WKH LQVWUXPHQWV XVHG
LQFOXGLQJ WKH DFFXUDF\ RI VHQVRUV LV SUHVHQWHG LQ 7RH DQG .XERWD D $OO PHDVXUHPHQWV ZHUH ORJJHG
DXWRPDWLFDOO\DWPLQXWHLQWHUYDOV7KHKRXVHKROGVL]HVZHUHVHYHQSHUVRQVIRU0+DQGILYHSHUVRQVIRU0+
%RWKKRXVHVZHUHRFFXSLHGWKURXJKRXWWKHPHDVXUHPHQWSHULRG
2.2. Results and Discussion 
)LJXUHSUHVHQWVWKHPHDVXUHGDLUWHPSHUDWXUHVDQGKXPLGLW\LQWKHIURQWOLYLQJKDOOVRI0+DQG0+RQIDLU
ZHDWKHUGD\V$VVKRZQPD[LPXPRXWGRRUDLUWHPSHUDWXUHVDUH&ZKLOHRXWGRRUUHODWLYHKXPLGLW\LVDOZD\V
DERYH'DLO\JOREDOKRUL]RQWDOVRODUUDGLDWLRQUDQJHVIURPDERXW:KPRQWKHVHGD\V,QJHQHUDO
WKH LQGRRU DLU WHPSHUDWXUHV LQ ERWK KDOOV IROORZ WKH SDWWHUQ RI WKH RXWGRRU DLU WHPSHUDWXUHVZLWKRXW WLPH ODJ DV
H[SHFWHGRIWKHOLJKWZHLJKWWLPEHUVWUXFWXUHVZLWKORZDLUWLJKWQHVV7KHLQGRRUDLUWHPSHUDWXUHVDUHKLJKHUWKDQWKH
FRUUHVSRQGLQJRXWGRRUDLUWHPSHUDWXUHVWKURXJKRXWWKHGD\H[FHSWIRUDIHZKRXUVDURXQGDPXQWLODP,WZDV
QRWHG WKDW ERWK KRXVHKROGV UHJXODUO\ RSHQHGZLQGRZVGXULQJGD\WLPHZKHQ WKH\ZHUH LQ DQG FORVHGZLQGRZV DW
QLJKW ,QGRRURXWGRRU DLU WHPSHUDWXUHGLIIHUHQFHV LQ WKH IURQW OLYLQJKDOO RI0+ DYHUDJH &GXULQJGD\WLPH
XQGHURSHQZLQGRZFRQGLWLRQVDQG&GXULQJQLJKWWLPHXQGHUFORVHGZLQGRZFRQGLWLRQV)LJXUHD
,Q 0+  WKH VDPH GLIIHUHQFHV LQ WKH IURQW OLYLQJ KDOO DYHUDJH  & GXULQJ GD\WLPH XQGHU RSHQ ZLQGRZ
FRQGLWLRQV DQG  & GXULQJ QLJKWWLPH XQGHU FORVHG ZLQGRZ FRQGLWLRQV )LJXUH E 7KH KLJKHU PHDQ UDGLDQW

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WHPSHUDWXUHVHHQLQWKHIURQWOLYLQJKDOORI0+LPSOLHGWKDWWKHUDGLDQWKHDWOLNHO\FDXVHGLWVVOLJKWO\KLJKHULQGRRU
DLUWHPSHUDWXUHFRPSDUHGWR0+7RHDQG.XERWDD
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,QWHUPVRIKXPLGLW\)LJXUHVKRZVWKDWRXWGRRUDEVROXWHKXPLGLW\LQFUHDVHVGXULQJGD\WLPHE\XSWRJNJ¶
KLJKHUWKDQWKHGDLO\PLQLPD7KLVUHIOHFWVWKHKLJKHYDSRWUDQVSLUDWLRQRISODQWVPRLVWVRLODQGGHZLQWKHUXUDODUHD
DIWHUVXQULVHDV WKHRXWGRRUDLU WHPSHUDWXUH LQFUHDVHV 2NH1HYHUWKHOHVV WKHGD\WLPHDEVROXWHKXPLGLW\ LV
JNJ¶LQGRRUV8QGHUWKHKLJKLQGRRUDLUWHPSHUDWXUHDQGLQGRRUKXPLGLW\UDWLR!JNJ¶FURVVYHQWLODWLRQ
DQGRUFHLOLQJIDQZHUHXVHGE\WKHRFFXSDQWVLQERWKKRXVHVPRVWOLNHO\WRLPSURYHWKHLQGRRUWKHUPDOFRPIRUWE\
HYDSRUDWLYHKHDWORVV
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)LJ7HPSRUDOYDULDWLRQVRILQGRRURSHUDWLYHWHPSHUDWXUHLQWKHIURQWOLYLQJKDOOVDQGWKHFRUUHVSRQGLQJWHPSHUDWXUHOLPLWIRUWKHUPDOFRPIRUW
D0+E0+,QILJXUHEWKHPHDVXUHGJOREHWHPSHUDWXUHLVVKRZQLQJUH\OLQHWRVXEVWLWXWHIRUWKHXQDYDLODEOHRSHUDWLYHWHPSHUDWXUH
)LJXUH  HYDOXDWHV WKH LQGRRU RSHUDWLYH WHPSHUDWXUHV LQ WKH IURQW OLYLQJ KDOOV RI0+ DQG0+ IRU WKHUPDO
FRPIRUW RQ WKH EDVLV RI DQ DGDSWLYH FRPIRUW HTXDWLRQ $&( GHYHORSHG E\ WKH DXWKRUV IRU QDWXUDOO\ YHQWLODWHG
EXLOGLQJVLQKRWKXPLGFOLPDWHV7RHDQG.XERWDE7KHFRPIRUWDEOHXSSHUOLPLWLQ)LJXUHLVGUDZQRQ
WKHEDVLVRI WKHGDLO\PHDQRXWGRRUDLU WHPSHUDWXUH WKDWZDVPHDVXUHGE\ WKHZHDWKHU VWDWLRQ7KH UHVXOWLQJ OLPLW
UDQJHVEHWZHHQ&RQWKHIDLUZHDWKHUGD\VIRU0+DQG&IRU0+7KHLQGRRURSHUDWLYHRU
JOREHWHPSHUDWXUHVLQERWKKDOOVEDVLFDOO\H[FHHGWKHXSSHUOLPLWIRUWKHZKROHDIWHUQRRQSHULRG)LJXUH$W
WKHSHDNSHULRGWKHLQGRRURSHUDWLYHRUJOREHWHPSHUDWXUHVDUH&DQG&DERYHWKHOLPLWLQ0+
DQG0+UHVSHFWLYHO\7KHH[FHHGLQJSHULRGVDUHLQERWKKRXVHVRQWKHVHIDLUZHDWKHUGD\V
)LJ7HPSRUDOYDULDWLRQVRIWKHPHDVXUHGDLUWHPSHUDWXUHDQGKXPLGLW\LQWKHIURQWOLYLQJKDOOVDQGWKH
FRUUHVSRQGLQJRXWGRRUFRQGLWLRQVD0+E0+
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)LHOGPHDVXUHPHQWLQWUDGLWLRQDO&KLQHVHVKRSKRXVHV
3.1. Case study shophouses and measurement methods 
7KHVHFRQGILHOGPHDVXUHPHQWZDVFRQGXFWHGLQWZRDGMDFHQWWUDGLWLRQDO&KLQHVHVKRSKRXVHV&6+DQG&6+
ORFDWHG LQ WKHFRUHKHULWDJH]RQHRI0DODFFD0DOD\VLD LQ2FWREHU)LJXUH7KHEXLOGLQJVZHUHRULJLQDOO\
FRQVWUXFWHGDURXQG WKH'XWFKFRORQLDOHUD LQ WKHWKFHQWXU\DQG UHVWRUHG LQE\ WKH1DWLRQDO8QLYHUVLW\RI
6LQJDSRUH 186 WR IXQFWLRQ DV DQ DFDGHPLF FHQWUH 7KH\ ZHUH RFFXSLHG E\ WZR VWDII PHPEHUV RQ DOWHUQDWH
ZHHNGD\VIURPDPSPGXULQJWKHPHDVXUHPHQWSHULRG&6+KDGWKUHHFRXUW\DUGVZKLOH&6+KDGWZR
FRXUW\DUGV)LJXUHG7KHVL]HVRI WKHFRXUW\DUGVLQFUHDVHGIURPWKHIURQW WR WKHUHDURI WKHEXLOGLQJV7KHIURQW
FRXUW\DUGV&<DQGPLGGOHFRXUW\DUGV&<RIERWKVKRSKRXVHVZHUHGHHSDWULXPW\SHFRXUW\DUGVHQFLUFOHGE\
WZRVWRUH\VWUXFWXUHV5RRIRYHUKDQJVZHUHSUHVHQWDERYHWKHFRXUW\DUGVIRUUDLQDQGVRODUUDGLDWLRQSURWHFWLRQ7KH
IURQWFRXUW\DUGRI&6+&<KDGDSODQWHGWUHHDQGWHUUDFRWWDEULFNIORRUZKLOHWKHFRUUHVSRQGLQJFRXUW\DUGRI
&6+&<KDGJUDYHOOHGIORRUVXUIDFHZLWKRXWDQ\SODQW)LJXUHEF7KHH[WHUQDOPDLQGRRUDQGZLQGRZV
ZHUHRSHQHGRQO\RQWKHJURXQGIORRULQ&6+DQGRQWKHILUVWIORRULQ&6+UHVSHFWLYHO\ZKHQRFFXSLHG&HLOLQJ
IDQVZHUH LQVWDOOHG LQPRVW URRPV EXWZHUH UDUHO\ XVHG$LU FRQGLWLRQHUZDV QRW LQVWDOOHG LQ ERWK EXLOGLQJV7KH
EXLOGLQJVWUXFWXUHVZHUHRIWLPEHUIUDPHDQGPDVRQU\FRQFUHWHZLWKOLPHSODVWHUHGEULFNZDOOVWKXVERWKEXLOGLQJV
ZHUHFRQVLGHUHGWRKDYHKLJKWKHUPDOPDVV
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)LJ7KHFDVHVWXG\&KLQHVHVKRSKRXVHVD([WHULRUYLHZE)URQWFRXUW\DUGRI&6+&<F)URQWFRXUW\DUGRI&6+&<G
)ORRUSODQVZLWKSHUPLVVLRQRI77&/&1DWLRQDO8QLYHUVLW\RI6LQJDSRUH
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2WKHUPHDVXUHPHQW)LUVWIORRU
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0HDVXUHPHQWVRIDOOSK\VLFDOWKHUPDOFRPIRUWYDULDEOHVZHUHWDNHQDWPKHLJKWDERYHIORRUDWWKHFHQWUHRIWKH
FRXUW\DUGDGMDFHQW OLYLQJ KDOOV LQ ERWK &KLQHVH VKRSKRXVHV )LJXUH G $V VKRZQ LQ )LJXUH EG WKHUHZDV QR
SDUWLWLRQEHWZHHQWKHIURQWFRXUW\DUGVDQGHQFLUFOLQJVSDFHVRQWKHJURXQGIORRULQFOXGLQJWKHVDLGOLYLQJKDOOV7KH
IORRUWRFHLOLQJ KHLJKWV DUH DERXW  P RQ WKH JURXQG IORRU DQG DERXW  P RQ WKH ILUVW IORRU )XUWKHU YHUWLFDO
GLVWULEXWLRQVRIWHPSHUDWXUHVZHUHLQYHVWLJDWHGDWIRXUSRLQWVRQWKHJURXQGIORRULQHDFKVKRSKRXVHLQFOXGLQJDWWKH
IURQWFRXUW\DUGV&<)LJXUHG$LUWHPSHUDWXUHDQGUHODWLYHKXPLGLW\ZHUHDOVRPHDVXUHGLQVHYHUDOURRPVRQ
ERWKIORRUV$ZHDWKHUVWDWLRQ&DPSEHOO6FLHQWLILF&&5ZDVSODFHGRQDJUDVVDUHDORFDWHGDERXWNPDZD\
IURP WKHVH VKRSKRXVHV $ GHWDLOHG GHVFULSWLRQ RI WKH LQVWUXPHQWV XVHG LV SUHVHQWHG LQ .XERWD HW DO  $OO
PHDVXUHPHQWVZHUHORJJHGDXWRPDWLFDOO\DWPLQXWHLQWHUYDOV
3.2. Results and Discussion 
)LJXUHVKRZVWKHPHDVXUHGDLUWHPSHUDWXUHVDQGKXPLGLW\LQWKHIURQWFRXUW\DUGDGMDFHQWKDOOVDWPKHLJKW
DERYH IORRU7KHRXWGRRU DLU WHPSHUDWXUH LQ WKLV ILJXUH LV WKDW REWDLQHG DW WKH YHUDQGD ORFDWHG LQ IURQW RI&6+
)LJXUH G 7KH YHUDQGD VSDFH ZDV VXUURXQGHG E\ DUWLILFLDO VXUIDFHV LQFOXGLQJ DVSKDOW URDG DQG WKHUHIRUH JDYH
UHODWLYHO\ KLJK DLU WHPSHUDWXUHV WKURXJKRXW WKH GD\ FRPSDUHG WR WKH ZHDWKHU VWDWLRQ )LJXUH  $V VKRZQ WKH
PD[LPXPRXWGRRUDLUWHPSHUDWXUHVDUHDERXW&ZKLOHWKHQRFWXUQDORXWGRRUDLUWHPSHUDWXUHVDUHDERXW
&'DLO\JOREDOKRUL]RQWDOVRODUUDGLDWLRQDWWKHZHDWKHUVWDWLRQUDQJHVIURPDERXW:KPRQWKHVHGD\V
,QGRRUDLUWHPSHUDWXUHVLQERWKOLYLQJKDOOVDUHORZHUWKDQWKHRXWGRRUVGXULQJGD\WLPHE\XSWR&PDLQO\
GXHWRWKHUPDOPDVVHIIHFW)LJXUH$WQLJKWWKHLQGRRUDLUWHPSHUDWXUHVPDLQWDLQVLPLODUYDOXHVWRWKHRXWGRRUV
2QWKHRWKHUKDQGUHODWLYHKXPLGLW\LVDERYHWKURXJKRXWWKHGD\LQWKHWZROLYLQJKDOOV$EVROXWHKXPLGLW\LQ
&6+LVVOLJKWO\KLJKHUWKDQWKDWLQ&6+E\XSWRDERXWJNJ¶7KLVLVSUREDEO\GXHWRWKHWUDQVSLUDWLRQRIWKH
WUHH LQ WKH IURQW FRXUW\DUG RI &6+  &< 7KH LQFUHDVH LQ DEVROXWH KXPLGLW\ UHVXOWV LQ WKH KLJKHU UHODWLYH
KXPLGLW\LQ&6+FRPSDUHGZLWKWKDWRI&6+'D\WLPHUHODWLYHKXPLGLW\LQ&6+UDQJHVIURPZKLOH
QRFWXUQDOUHODWLYHKXPLGLW\LQWKHVDPHURRPLVDERXW
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)LJ7HPSRUDOYDULDWLRQVRIWKHPHDVXUHGDLUWHPSHUDWXUHDQGKXPLGLW\LQWKHIURQWFRXUW\DUGDGMDFHQWOLYLQJKDOOVRI&6+DQG&6+DQGWKH
FRUUHVSRQGLQJRXWGRRUFRQGLWLRQV
)LJXUHHYDOXDWHV WKH LQGRRURSHUDWLYH WHPSHUDWXUHV LQ WKH IURQW FRXUW\DUGDGMDFHQW OLYLQJKDOOVRI&6+DQG
&6+XVLQJWKHDIRUHPHQWLRQHG$&(7RHDQG.XERWDEDQGLPPHGLDWHRXWGRRUDLUWHPSHUDWXUH7KH
FRPIRUWDEOH XSSHU OLPLW UDQJHV IURP  & RQ IDLUZHDWKHU GD\V$V VKRZQ WKH RYHUDOO SHULRG RI LQGRRU
RSHUDWLYHWHPSHUDWXUHVH[FHHGLQJWKHFRPIRUWDEOHXSSHUOLPLWRQWKHIDLUZHDWKHUGD\VDUHRQO\DQGLQ
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&6+ DQG&6+ UHVSHFWLYHO\0D[LPXPGHYLDWLRQV RI WKH SHDN LQGRRU RSHUDWLYH WHPSHUDWXUHV DERYH WKH 
XSSHUOLPLWDUHRQO\&7KHUHVXOWLPSOLHVWKDWWKHLQGRRUWKHUPDOFRQGLWLRQVLQWKHVDLGVSDFHVDUHFRPIRUWDEOH
ZKHQWKHUPDODGDSWDWLRQLQKRWKXPLGFOLPDWHLVFRQVLGHUHG








)LJ7HPSRUDOYDULDWLRQVRILQGRRURSHUDWLYHWHPSHUDWXUHLQWKHIURQWFRXUW\DUGDGMDFHQWOLYLQJKDOOVRI&6+DQG&6+DQGWKH
FRUUHVSRQGLQJWHPSHUDWXUHOLPLWIRUWKHUPDOFRPIRUW
&RPSDUDWLYHDVVHVVPHQWZLWKPRGHUQWHUUDFHGKRXVHV
4.1. Previous Field Experiment in Terraced Houses 
$ SUHYLRXV ILHOG H[SHULPHQW ZDV FRQGXFWHG E\ WKH DXWKRUV LQ WZR DGMDFHQW WHUUDFHG KRXVHV LQ -RKRU %DKUX
0DOD\VLD IURP -XQH WR $XJXVW  WR H[DPLQH WKH HIIHFWV RI YDULRXV YHQWLODWLRQ VWUDWHJLHV LQFOXGLQJ GD\WLPH
YHQWLODWLRQDQGQLJKWYHQWLODWLRQ.XERWDHWDO7KHKRXVHVZHUHFRQVWUXFWHGRIEULFNDQGFRQFUHWHDQGKDG
HORQJDWHGIORRUSODQVWKDWPHDVXUHGPE\PHDFK)LJXUH7KHHQWLUHKRXVHVZHUHQRWLQVXODWHG'D\WLPH
YHQWLODWLRQ UHIHUV WR RSHQLQJ RI DOO ZLQGRZV IURP  DP SP ZKLOH QLJKW YHQWLODWLRQ UHIHUV WR RSHQLQJ RI DOO
ZLQGRZVIURPSPDP,QSDUWLFXODUGD\WLPHYHQWLODWLRQHPXODWHVWKHZLQGRZRSHQLQJEHKDYLRXURIH[LVWLQJ
KRXVHKROGVWKDWZHUHREVHUYHGLQWKHSUHYLRXVVXUYH\ZKLOHQLJKWYHQWLODWLRQZDVIRXQGWRSURYLGHWKHORZHVWLQGRRU
DLUWHPSHUDWXUHV.XERWDHWDO
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)LJ)ORRUSODQVRIWKHFDVHVWXG\WHUUDFHGKRXVHV6RXUFH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4.2. Comparison Results and Discussion 
 2SHUDWLYHWHPSHUDWXUH 5HODWLYHKXPLGLW\ $EVROXWHKXPLGLW\
D 
7HUUDFHG
KRXVHV
  
E 
0DOD\
KRXVHV
  
F 
&KLQHVH
VKRSKRXVHV
  
G 
$OOKRXVHV   
)LJXUH5HODWLRQVKLSVEHWZHHQLQGRRUDQGRXWGRRUWHPSHUDWXUHVUHODWLYHKXPLGLW\DQGDEVROXWHKXPLGLW\D7HUUDFHGKRXVHVE0DOD\
KRXVHVF&KLQHVHVKRSKRXVHVG$OOKRXVHV
)LJXUHDFSUHVHQWVVFDWWHUSORWVRIWKHVDLGWKUHHYDULDEOHVDJDLQVWRXWGRRUFRQGLWLRQVRQIDLUZHDWKHUGD\V7KH
PHDVXUHG GDWD LQ WKH OLYLQJ KDOOV UHSUHVHQW WKH LQGRRU FRQGLWLRQV LQ FDVH RI WKH 0DOD\ KRXVHV DQG &KLQHVH
VKRSKRXVHVZKLOHWKHPHDVXUHGGDWDLQWKHPDVWHUEHGURRPVUHSUHVHQWWKRVHRIWKHWHUUDFHGKRXVHV)LJXUHDUHYHDOV
WKDWWKHLQGRRURXWGRRUWHPSHUDWXUHUHODWLRQVKLSVDUHVHJPHQWHGIRUGD\WLPHYHQWLODWLRQDQGQLJKWYHQWLODWLRQLQWKH
WHUUDFHGKRXVHVPRVWOLNHO\GXHWRWKHFKDQJHLQRSHQZLQGRZFRQGLWLRQVDQGWKHUPDOPDVVHIIHFW7KHUHJUHVVLRQ
OLQHIRUQLJKWYHQWLODWLRQSUHGLFWVORZHULQGRRURSHUDWLYHWHPSHUDWXUHFRPSDUHGWRGD\WLPHYHQWLODWLRQ1HYHUWKHOHVV
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0DOD\KRXVHV7HUUDFHGKRXVH
QLJKWYHQWLODWLRQ
7HUUDFHGKRXVH
GD\WLPHYHQWLODWLRQ
&KLQHVH
VKRSKRXVHV
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LWSUHGLFWVLQGRRUWHPSHUDWXUHWKDWLVDERXW&KLJKHUWKDQWKHRXWGRRUVEHIRUHWKHEUHDNSRLQWZKLFKLVQLJKW
WLPHFRQGLWLRQ)LJXUHDIXUWKHUVKRZVWKHFRPIRUWDEOHXSSHUOLPLWRI&WKDWLVREWDLQHGIURPWKH$&(
XVLQJ WKH PHDQ RXWGRRU DLU WHPSHUDWXUH RI WKH PHDVXUHPHQW SHULRG $V VKRZQ HYHQ ZKHQ QLJKW YHQWLODWLRQ LV
DSSOLHG WKH PHDVXUHG RSHUDWLYH WHPSHUDWXUHV H[FHHG WKH XSSHU OLPLW HVSHFLDOO\ DIWHU WKH EUHDNSRLQW ZKLFK LV
GD\WLPHFORVHGZLQGRZFRQGLWLRQ
7KH LQGRRU RSHUDWLYH WHPSHUDWXUHV LQ WKH 0DOD\ KRXVHV KDYH OLQHDU UHODWLRQVKLSV ZLWK WKH RXWGRRU DLU
WHPSHUDWXUHV OLNHO\ GXH WR WKH OLJKWZHLJKW VWUXFWXUHV DQG EHLQJ SRURXV WR DLU LQILOWUDWLRQ HYHQ LQ FORVHGZLQGRZ
VWDWHV)LJXUHE7KHUHJUHVVLRQOLQHVVKRZWKDWWKHLQGRRUWHPSHUDWXUHVIROORZWKHRXWGRRUVFORVHO\DQGDUHDOZD\V
 &KLJKHU WKDQ WKH RXWGRRUV0HDQZKLOH WKH UHJUHVVLRQ OLQHV IRU WKH&KLQHVH VKRSKRXVHV DUH VHJPHQWHG DQG
VLPLODUWRWKDWRIWKHQLJKWYHQWLODWHGWHUUDFHGKRXVHDOWKRXJKH[WHUQDOZLQGRZVZHUHFORVHGDWQLJKWLQFDVHRIWKH
&KLQHVHVKRSKRXVHV)LJXUHF)XUWKHULQGRRURSHUDWLYHWHPSHUDWXUHVDWKLJKRXWGRRUWHPSHUDWXUHVLQWKH0DOD\
KRXVHV DQG&KLQHVH VKRSKRXVHV GRQRW VFDWWHU DVZLGH DV WKRVH RI WKH WHUUDFHGKRXVHV )LJXUH DF7KH UHVXOWV
LPSO\WKDWVRODUFRQWUROVLQWKHWUDGLWLRQDOKRXVHVDUHOLNHO\PRUHHIIHFWLYH
)LJXUHGVXPPDUL]HVWKHUHJUHVVLRQOLQHVWKDWDUHREWDLQHGIURP)LJXUHDF2YHUDOOWKHUHJUHVVLRQOLQHIRUWKH
0DOD\ KRXVHV SUHGLFWV KLJKHU LQGRRU RSHUDWLYH WHPSHUDWXUH WKDQ WKRVH SUHGLFWHG E\ WKH UHJUHVVLRQ OLQHV IRU WKH
WHUUDFHGKRXVHVDIWHUWKHEUHDNSRLQWVZKLFKDUHPDLQO\GD\WLPHFRQGLWLRQV7KHKLJKWKHUPDOPDVVVWUXFWXUHRIWKH
WHUUDFHGKRXVHVPLJKWQRWQHFHVVDULO\EHZRUVHWKDQWKHOLJKWZHLJKWVWUXFWXUH LH WKHWUDGLWLRQDO0DOD\KRXVHV LQ
NHHSLQJWKHGD\WLPHLQGRRUWHPSHUDWXUHVORZUHODWLYHWRWKHRXWGRRUWHPSHUDWXUH,WLVFOHDUWKDWWKHWHUUDFHGKRXVHLV
HYHQFRROHULQQLJKWYHQWLODWLRQFRQGLWLRQ1HYHUWKHOHVVLWLVH[SHFWHGWKDWWKHOLJKWZHLJKWVWUXFWXUHZRXOGEHFRROHU
DWQLJKW0RUHRYHU WKH VRODUKHDWFRQWURO LQ WKH0DOD\KRXVHV LVSRVVLEO\EHWWHU WKDQ WKDWRI WKHH[LVWLQJ WHUUDFHG
KRXVHV7KHVRODUFRQWUROWHFKQLTXHVWKDWDUHIRXQGLQWKH0DOD\KRXVHVLQFOXGHVKDGLQJE\URRIRYHUKDQJDQGVKDGH
WUHHV,WLVDOVRQRWHZRUWK\WKDWWKHRXWGRRUDLUWHPSHUDWXUHDWWKHWHUUDFHGKRXVHVLWHIDOOVLQDKLJKHUUDQJHWKDQWKDW
DW WKH0DOD\ KRXVH VLWHV SUREDEO\ GXH WR YDULRXVPLFURFOLPDWLF DQG XUEDQ KHDW LVODQG HIIHFWV 7RH DQG.XERWD
D7KH ODWWHU LV ORZHU WKDQWKHIRUPHUE\&RQDYHUDJH7KHUHJUHVVLRQ OLQHIRU WKH&KLQHVHVKRSKRXVHV
FRQVWDQWO\SUHGLFWVORZHULQGRRURSHUDWLYHWHPSHUDWXUHWKDQWKDWIRUWKHQLJKWYHQWLODWHGWHUUDFHGKRXVH)LJXUHG
7KH UHJUHVVLRQ OLQH EHIRUH WKH EUHDNSRLQW IRU WKH&KLQHVH VKRSKRXVHV LV FORVHU WR WKH LQGRRUHTXDOVRXWGRRU OLQH
FRPSDUHGWRWKHOLQHIRUWKHWHUUDFHGKRXVH7KHUHVXOWLPSOLHVWKDWWKHQRFWXUQDOVWUXFWXUDOFRROLQJDIIRUGHGE\WKH
VPDOOFRXUW\DUGVLQWKH&KLQHVHVKRSKRXVHVLVEHWWHUWKDQWKHQLJKWYHQWLODWLRQWKURXJKRSHQZLQGRZVLQWKHWHUUDFHG
KRXVHDWVLPLODURXWGRRUDLUWHPSHUDWXUH
&RQFOXVLRQVDQGSURSRVHGDSSOLFDWLRQRIYHUQDFXODUSDVVLYHFRROLQJWHFKQLTXHV
7KHPDLQ SXUSRVH RI WKLV VWXG\ LV WR GHWHUPLQH SRWHQWLDO YHUQDFXODU SDVVLYH FRROLQJ VWUDWHJLHV IRU WKH H[LVWLQJ
WHUUDFHG KRXVHV )RU WKH WHUUDFHG KRXVHV QLJKW YHQWLODWLRQ ZRXOG UHGXFH WKH WKHUPDO GLVFRPIRUW H[SHULHQFHG E\
H[LVWLQJKRXVHKROGVZKRXVHGGD\WLPHYHQWLODWLRQEXWLWLVLQVXIILFLHQWWRSURYLGHLQGRRUWKHUPDOFRPIRUWWKURXJKRXW
WKHGD\.H\ILQGLQJVIURPWKHILHOGPHDVXUHPHQWVDUHVXPPDUL]HGLQWKHIROORZLQJSRLQWV
 7KHLQGRRUDLUWHPSHUDWXUHVLQWKHWUDGLWLRQDO0DOD\KRXVHVDUHKLJKHUWKDQWKHRXWGRRUDLUWHPSHUDWXUHVE\
&GXULQJGD\WLPHXQGHURSHQZLQGRZFRQGLWLRQVDQG&DWQLJKWXQGHUFORVHGZLQGRZFRQGLWLRQVRQ
DYHUDJH7KHLQGRRURSHUDWLYHWHPSHUDWXUHV LQERWKKRXVHVH[FHHGWKH$&(FRPIRUWDEOHXSSHU OLPLW
GXULQJPRVW RI WKH GD\WLPH WKH H[FHHGLQJ SHULRGV DUH 1HYHUWKHOHVV WKH VRODU KHDW FRQWURO LQ WKH
0DOD\ KRXVHV LV EHWWHU WKDQ WKDW RI WKH H[LVWLQJ WHUUDFHG KRXVHV 7KH VRODU FRQWURO WHFKQLTXHV LQFOXGH
VKDGLQJE\URRIRYHUKDQJDQGVKDGHWUHHV,WZDVDOVRIRXQGWKDWWKHRXWGRRUDLUWHPSHUDWXUHDWWKH0DOD\
KRXVH VLWHV LVJHQHUDOO\ ORZHUE\ &RQ DYHUDJH WKDQ WKDW DW WKH WHUUDFHGKRXVH VLWHSUREDEO\GXH WR
YDULRXVPLFURFOLPDWLFIDFWRUVDQGOHVVXUEDQKHDWLVODQGHIIHFWV
 )RUWKHWUDGLWLRQDO&KLQHVHVKRSKRXVHVLQGRRUDLUWHPSHUDWXUHVDGMDFHQWWRVPDOOFRXUW\DUGVDUHORZHUWKDQ
WKH LPPHGLDWH RXWGRRUV GXULQJ GD\WLPH E\ XS WR  &$W QLJKW WKH LQGRRU DLU WHPSHUDWXUHVPDLQWDLQ
YDOXHVVLPLODU WR WKHRXWGRRUV7KH LQGRRU WKHUPDOFRQGLWLRQVDUHFRQVLGHUHGFRPIRUWDEOH IRUPRVWRI WKH
PHDVXUHPHQWSHULRGEDVHGRQWKHHYDOXDWLRQXVLQJWKH$&(7KHVPDOOFRXUW\DUGVDUHHIIHFWLYHWR
HQKDQFHQLJKWYHQWLODWLRQDQGQRFWXUQDOUDGLDQWFRROLQJLQWKHKLJKPDVVVKRSKRXVHV
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 ,QWHUPVRILQGRRUDQGRXWGRRUWHPSHUDWXUHUHODWLRQVKLSVWKHUHJUHVVLRQOLQHIRUWKH0DOD\KRXVHVSUHGLFWV
KLJKHULQGRRURSHUDWLYHWHPSHUDWXUHWKDQWKRVHSUHGLFWHGE\WKHUHJUHVVLRQOLQHVIRUWKHWHUUDFHGKRXVHVLQ
GD\WLPHFRQGLWLRQV0HDQZKLOH WKH UHJUHVVLRQ OLQH IRU WKH&KLQHVHVKRSKRXVHVFRQVWDQWO\SUHGLFWV ORZHU
LQGRRURSHUDWLYHWHPSHUDWXUHWKDQWKDWIRUWKHQLJKWYHQWLODWHGWHUUDFHGKRXVH
%DVHG RQ WKH DERYH REVHUYDWLRQV DQG FRPSDUDWLYH DVVHVVPHQW WKH SRWHQWLDO SDVVLYH FRROLQJ VWUDWHJLHV
PRGLILFDWLRQVIRUWKHH[LVWLQJWHUUDFHGKRXVHVDUHLOOXVWUDWHGLQ)LJXUH7KHGHWDLOHGGHVFULSWLRQVDUHVXPPDUL]HG
DVIROORZV
D 1LJKWYHQWLODWLRQ$VGHVFULEHGDERYHDSSOLFDWLRQRIQLJKWYHQWLODWLRQLVRQHRIWKHPRVWSURPLVLQJSDVVLYH
FRROLQJVWUDWHJLHV IRU WKH WHUUDFHGKRXVHVRIKLJK WKHUPDOPDVV VWUXFWXUHV ,WKDVEHHQUHSRUWHG WKDWQLJKW
YHQWLODWLRQDORQHFDQUHGXFHWKHSHDNLQGRRUDLUWHPSHUDWXUHE\&DQGQRFWXUQDODLUWHPSHUDWXUHE\
&RQDYHUDJHFRPSDUHGWRWKHFXUUHQWGD\WLPHYHQWLODWLRQ.XERWDHWDO
E 5RRIFHLOLQJLQVXODWLRQ7KHH[LVWLQJWHUUDFHGKRXVHVDUHQRWLQVXODWHG+HQFHLWLVDSSDUHQWWKDWLQVWDOODWLRQ
RI WKHUPDO LQVXODWLRQZRXOG UHGXFH WKH LQGRRU RSHUDWLYH WHPSHUDWXUH VLJQLILFDQWO\ ,Q SDUWLFXODU DV VHHQ
IURPWKHFDVHVWXG\RIWKH0DOD\KRXVHVLQVXODWLRQIRUURRIRUFHLOLQJZRXOGEHLPSRUWDQWVLQFHWKHVRODU
DOWLWXGHGXULQJGD\WLPHLVDOZD\VKLJKLQ0DOD\VLD
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)LJ3RWHQWLDOSDVVLYHFRROLQJVWUDWHJLHVIRUH[LVWLQJWHUUDFHGKRXVHVLQ0DOD\VLD
F :LQGRZZDOO VKDGLQJ $V VKRZQ LQ )LJXUH D IRU LQVWDQFH WKH LQGRRU RSHUDWLYH WHPSHUDWXUH DW KLJKHU
YDOXHVLHDWWKHXSSHUHQGRIWKHRXWGRRUDLUWHPSHUDWXUHLQWKHWHUUDFHGKRXVHVLVPRUHZLGHO\VFDWWHUHG
FRPSDUHG WR WKRVH LQ WKH0DOD\KRXVHVDQG&KLQHVHVKRSKRXVHV7KLV LV OLNHO\FDXVHGE\ WKH LQFUHDVH LQ
LQGRRU KHDW IURP VRODU UDGLDWLRQ WKURXJK XQVKDGHG SDUWV RI WKH ZLQGRZVZDOOV DV ZHOO DV FHLOLQJURRI
7KHUHIRUHLWZRXOGEHSRVVLEOHWRUHGXFHWKHSHDNDLUWHPSHUDWXUHVE\DSSO\LQJSURSHUVKDGLQJVXFKDVURRI
RYHUKDQJDQGVWUDWHJLFVKDGHWUHHVWRWKHZLQGRZVDQGZDOOVDVREVHUYHGLQWKH0DOD\KRXVHV
G &RXUW\DUGIRUFHGYHQWLODWLRQ7KHQRFWXUQDOLQGRRURSHUDWLYHWHPSHUDWXUHVLQWKHWHUUDFHGKRXVHVDUHVWLOO
&KLJKHU WKDQ WKHRXWGRRUDLU WHPSHUDWXUHHYHQXQGHURSHQZLQGRZFRQGLWLRQ2QHZD\ WR UHGXFH WKH
QRFWXUQDO LQGRRU DLU WHPSHUDWXUH WR WKHRXWGRRU OHYHO LV WR DSSO\ FRXUW\DUG WR WKHEXLOGLQJ DV VHHQ LQ WKH
&KLQHVHVKRSKRXVHV WKRXJKPDMRUPRGLILFDWLRQPD\EHUHTXLUHG$QDOWHUQDWLYHZD\LV WR LQVWDOOH[KDXVW
IDQLQWKHWDUJHWURRPRUDWDKLJKHUSODFHVXFKDVWKHDWULXPDERYHWKHVWDLUFDVHWRYHQWLODWHWKHZKROHKRXVH
GXULQJ QLJKWWLPH 7KHVH VWUDWHJLHV ZRXOG HQKDQFH QRFWXUQDO VWUXFWXUDO FRROLQJ DQG WKHUHIRUH UHGXFH WKH
LQGRRUDLUWHPSHUDWXUHQRWRQO\DWQLJKWEXWDOVRGXULQJGD\WLPHRQWKHIROORZLQJGD\
'D\WLPH
YHQWLODWLRQ
1LJKW
YHQWLODWLRQ
,GHDOPRGHO
SUHGLFWLRQ
E
F
G
H
$&(FRPIRUWDEOHXSSHU
OLPLWIRUFXUUHQWVWDWXV
$&(FRPIRUWDEOHXSSHU
OLPLWIRULGHDOVWDWXV
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